INTRODUCTION
Congenital long QT syndrome is a genetic disorder associated with ventricular arrhythmias. Mutations in a gene-encoding cardiac ion channel affect the cardiac action potential that plays an important role in cardiac repolarization. Delayed cardiac repolarization and development of QTc prolongation can lead to cardiac events. Recognized triggers of these cardiac events include physical exercise, and emotional and acoustic stimuli. Recently, it was reported that fever can accentuate transmural dispersion of repolarization and facilitate development of early afterdepolarizations and torsades de pointes under long QT conditions in animal models. 1, 2 Although the relationship between fever and ion channel disorder is well known in patients with Brugada syndrome, it is not known whether fever can also aggravate cardiac event in long QT syndrome. 3 This report reviews a case of a healthy young man who presented with sudden cardiac death syndrome and was later diagnosed with long QT syndrome accompanied by fever.
CASE REPORT
A 26-year-old man with no past medical history was found with agonal breathing, followed by generalized convulsions while sleeping. When he arrived at the emergency department, the ECG revealed asystole. After cardiopulmonary resuscitation val of 430 and 515 ms, respectively (Fig. 3) . The prominent U-wave was also observed in leads V2 and 3 (arrows in Fig.  3 ). Other tests, including a flecainide infusion test, a coronary angiography with provocation of acetylcholine test, and an electrophysiologic study, showed normal findings. The patient was diagnosed with long QT type 2 syndrome, which was manifested by fever, and received an implantable cardioverter defibrillator and oral beta blocker.
DISCUSSION
Long QT syndrome is an inherited arrhythmogenic disease characterized by susceptibility to life-threatening polymorphic ventricular tachycardia and ventricular fibrillation. Syncope and fainting, seizure, but also cardiac arrest and sudden death, are the typical manifestations of long QT syndrome. Their occurrence is often precipitated by genespecific triggers (e.g., fear, anger, loud noises, sudden awakening), but they may also occur at rest. Lethal events occur during auditory stimuli and emotional stress in long QT syndrome type 2 patients. 4, 5 However, fever was not reported as a trigger of cardiac events in long QT syndrome. 6 A recent clinical study has demonstrated that fever can be a risk factor for the development of life-threatening ventricular arrhythmias in the long QT syndrome type 2. Amin, et al. 7 demonstrated fever-induced QT interval prolongation in patients with mutation of the A558P human ether a go-gowith 8 defibrillations, the ECG recovered to a sinus rhythm. He had no family history of sudden cardiac death. His father had undergone a coronary artery bypass graft surgery due to myocardial infarction 1 year ago. The patient's past history was not significant for any medication or illicit drugs. Cardiac enzymes were elevated and the levels were consistent with post-cardiopulmonary resuscitation (CPR) status. His laboratory findings showed no electrolyte abnormalities. Echocardiography showed no structural heart disease. Initially, his ECG showed ST depression in limb leads, suggesting ischemic injury after prolonged cardiac arrest. He had fever and leukocytosis with hazziness in the lower lung field suggesting aspiration pneumonia. Fig. 1A shows the ECG taken on the 8th hospital day revealing normal ECG.
The patient had spontaneous ventricular fibrillation on the 9th hospital day, accompanied by fever of 38.0°C. Fig. 1B shows the spontaneous initiation of polymorphic ventricular tachycardia with a short-long-short sequence. In the figure, premature ventricular beats are marked with arrows. QT and QTc intervals were 350 and 450 ms, respectively. Torsades de pointes was terminated with the biphasic shock of 150 J. On the 28th hospital day, he again had a fever of 38.5°C and sinus tachycardia of 135 bpm. ECG during the fever showed severe QT prolongation with QT and QTc intervals of 365 and 535 ms, respectively (Fig. 2) . U-waves were observed in the leads of V5 and V6 (arrows). This finding disappeared 1 hour later with the resolution of fever.
Two months after aborted sudden cardiac death, the patient's condition recovered to wheel chair ambulation, and an examination was performed to reveal the cause of the sudden death. After the infusion of epinephrine (0.1 μg/kg/ min), the patient showed prolongation of QT and QTc inter- related gene (HERG) that encodes the α subunit for the delayed rectifier K current (I kr ). A558P mutation affects the HERG channel function in a temperature-dependent manner, so that the elevation of temperature (up to 40°C) induces prolongation of action potential and triggers early afterdepolarizations (EADs). EADs are associated with the initiation of torsades de pointes. The ECG of the present patient showed the typical pattern of long QT syndrome type 2. The two most frequently encountered ECG manifestations of long QT syndrome type 2 are bifid T waves. This patient showed obvious bifid T waves (Fig. 3) and subtle bifid T waves with a second component on top of the T wave in limb and left precordial leads (Fig. 2) . We could not confirm the genotype because we did not perform genetic testing. Although genetic testing may provide additional information, the rationale is often debatable. The Schwartz scoring system is widely used in clinical practice, and clinical diagnosis suggests the gene affected in 70-90% of patients. 8 For those patients who meet clinical criteria for long QT syndrome, genotype may provide little benefit. As a result of genetic heterogeneity (mutations in unknown genes), -25% of long QT syndrome families do not have abnormalities on screening of the known genes. 9 In contrast to the controversial genetic study, however, a combination of quantified ECG repolarization parameters can identify genotype with sensitivity/ specificity of 85%/70% for type 1, 83%/94% for type 2, and 47%/63% for type 3 long QT syndrome. 10, 11 Fever-related arrhythmias is commonly reported in Brugada syndrome, which is caused by sodium channel mutation. [12] [13] [14] However, this patient showed no evidence of Brugada syndrome in repeated provocation test with sodium channel blocker and continuous ECG monitoring for 30 days.
In conclusion, both environmental and genetic susceptibility factors interact to induce long QT syndrome. This case is expected to serve as an impetus for further studies examining the role of pyrexia as a risk factor for the development of long QT syndrome.
